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A new method for fabricating crystalline silicon solar cells with selective emitters is presented. In this method, shallow trenches
corresponding to metal contact area are first formed by screen printing and chemical etching, followed by heavy doping over the
whole front surface of the silicon wafer. After a polymer mask is pasted by aligned screen-printing to cover the shallow trenches,
the silicon wafer is etched such that the heavy doping remains at the shallow trench area, while other areas become lightly doped.
With the presented method, two screening printing steps are required for obtaining a selective emitter structure on a solar wafer.
Compared with existing etch-back methods, the presented one is believed to be able to easily conform with present industrial
process. Experimental results show that optical responses at the short and long wavelengths were both improved by applying the
proposed selective emitter technique to fabricate solar cells with an a-Si:H film deposited on the back surface.The selective emitter
cell with a-Si:H back surface deposition had improvements of 1.66mA/cm2 and 1.23% absolute in 𝐽sc and conversion efficiency,
respectively, compared to the reference cell that had a homogeneous emitter and no a-Si:H on the back surface.

1. Introduction

In the field of silicon wafer based solar cells, selective emitter
structures are attracting attention to a great extent because
of enhanced light-to-electricity conversion, especially at the
short-wavelength range. The enhancement of light-to-elec-
tricity conversion results from the suppressed carrier recom-
bination due to lowered concentration of dopant impurity
at the illuminated area as well as the reduced contact resis-
tance due to the high dopant concentration at the contact-
semiconductor interface. In principle, the suppressed carrier
recombination leads to increases in both the open-circuit
voltage and short-circuit current, while the reduced contact
resistance improves the fill factor.

Selective emitter is not a new concept. It originates during
the development of work record silicon solar cells [1]. Various
studies have been carried out [2–15] and notable efficiencies
of cells with selective emitters utilizing industrial compatible
processes have been reported [11, 13]. An industrial selective
emitter processing sequence may involve the coating of

selected regions of the front of a p-type silicon substratewith a
phosphorus-containing paste via screen printing [3]. At high
temperature, the paste is used as a source for direct-diffusion
and gas-phase outdiffusion into the substrate. Thus, the
region coveredwith the coated layer becomes a heavily doped
region by direct diffusion and the other region becomes a
lightly doped region through gas-phase outdiffusion. Thus,
the heavily doped region and the lightly doped region are
formed simultaneously. Yet, precise control of uniform diffu-
sion is required for obtaining target doping concentrations.
An alternative process of using doped silicon ink for selective
emitter formation developed by Innovalight has proved to be
viable in a mass production test [4].

Another industrial selective emitter processing sequence
may involve lightly doping the entire front surface of a p-type
substrate with phosphorus followed by the standard antire-
flection application process and completed by screen printing
a silver paste containing phosphorus through the front
contacts [7, 8].During the firing process, ametal front contact
is formedwhile the phosphorus diffuses into the front surface
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to form heavily doped regions in the contact regions. The
advantage is that this method is compatible with common
mass production technique of using silver paste to form the
front contact. However, silver would diffuse into the substrate
faster in the presence of phosphorus worsening the leakage
current.

A third selective emitter approach will be the use of
etch-back method, whereby the entire front surface of a p-
type wafer will be heavily doped [10, 12, 13] followed by
a masking step to mask selective regions from subsequent
etch-back while the rest of the front is etched resulting in a
lightly doped surface. An etch-back technology developed by
Schmid’s group has been recently commercialized by using
an inkjet-printed wax mask for selective emitter formation
[12]. The advantage of etch-back methods lies in the use of
one diffusion step.

The fourth approach is to cover the front surface of awafer
with a patterned masking layer of silicon dioxide or silicon
nitride through PECVD before doping [2, 5, 11]. Then, a
dopant is doped into the substrate through high-temperature
diffusion to form a heavily doped region and a lightly doped
region at one time. The disadvantage of this method is the
requirement for a mask layer, which is usually coated by a
high-priced facility.

A widely used approach in the industry to date is the
use of laser [14, 15] to selectively diffuse phosphorus into
the substrate surface such as that used in mass produced
Pluto solar cells [16]. The metal contact is then formed
via a self-aligning plating process. The advantage of this
technique is the avoidance of precise alignment. However, the
platedmetal requires a different interconnectionmethod, not
conventional used in the industry.

Despite the limitation of selective emitter in its contribu-
tion to boosting performance of commercial solar modules
due to the absorption of short wavelength light by the
standard EVA encapsulation material, it is still imperative
to consider the selective emitter technology as new pho-
tovoltaic module encapsulation material emerges such as
polydimethylsiloxane (PDMS) silicone. This appears to have
better moisture proof and optical transmission properties
than EVA in particular in the 300 to 500 nmwavelength range
[17, 18].

In this paper, we present an alternative to the present
selective emitter formation methods. In the presented
method, an as-doped textured silicon substrate is first pro-
cessed to obtain multiple shallow trenches which correspond
to the front metal contact area on the front surface. The
substrate is then doped in a high-temperature diffusion
furnace to obtain a heavily doped layer with an opposite
electric type to the substrate. Then the shallow trench area is
coveredwith an acid-resistantmask layer, while the other area
is not. An etch-backmethod with acid etching is then applied
to obtain a selective emitter structure over the front surface.
That is, the unmasked area becomes lightly doped, while a
high dopant concentration remains at the trench area. The
presented method differs from Schmid’s etch-back method
and any other existing etch-back method in two points.
First, shallow trenches are obtained and then heavy doping
is applied in the presented method, while heavy doping is
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Figure 1: Fabrication steps for 3 groups of samples in this study.

applied first and then followed by an etch-back in Schmid’s
and other methods. Secondly, there are shallow trenches with
a depth of several 𝜇m or more for metal contacts in the
presented selective emitter structure, while no trenches are
dug by using Schmid’s and other methods.

2. Fabrication Method

2.1. Preparation of Reference Samples. The main steps for
fabricating the selective emitter solar cells in the presented
method are depicted in Figure 1. In the fabrication, 125 ×
125mm2 pseudosquare solar-grade (100) p-type Cz silicon
wafers with a thickness of ∼180 𝜇m and a resistivity of 1
to 3Ω cm were cleaned through an SC1 cleaning procedure
followed by a double-side alkaline texturization and were cut
into pieces of 30 × 30mm2 dimensions afterwards. These
smaller pieces, named as-textured wafers here, were divided
into three groups. As-textured wafers of group 1 followed a
standard cell-fabrication procedure in our lab. This standard
procedure contains the steps of phosphorus doping on the
front side, phosphorous glass removal, deposition of anti-
reflection coating (ARC) on the front side, metallization
on both sides, cofiring to obtain an ohmic contact on the
front surface and back surface field on the rear side, and
edge isolation. This group was considered as a reference in
this study. The front-side contact was screen printed with
silver paste to form a finger-grid pattern with a single central
busbar, while the rear side contact was screen printed with
aluminum paste all over the back surface. The phosphorus
doping was performed in a quartz-tube furnace in nitrogen
ambient. For the reference samples, phosphorus pentoxide
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wafers were used as a dopant source at the temperature of
880∘C to obtain a sheet resistance of ∼55Ω/◻ (measured by
a four-point probe method). The ARC was SiNx deposited
by PECVD at 300∘C and has a thickness of 103 nm for
obtaining the lowest average optical reflectivity. The cofiring
was performed by using a high-temperature oven following
these steps: (1) elevating the temperature up to 830∘C; (2)
slightly opening the oven door and putting the sample toward
inside slowly; (3) closing the oven door and maintain at
800∘C for 20 seconds; and (4) slightly opening the oven
door and moving out the sample slowly from the hot zone.
These steps weremanually controlled in precise timemode to
ensure that all samples experience cofiring under an identical
condition. The cofiring temperature was increased from the
room temperature up to an almost constant temperature
at 800∘C during a time period of 15 seconds, maintained
at 800∘C for 20 seconds and then decreased to the room
temperature again during a 20-second time period.

The second group of as-textured wafers was also pro-
cessed in the same fabrication procedure asmentioned above,
except that there was a thin layer of hydrogenated amorphous
silicon (denoted as a-Si:H) deposited on the rear side before
metallization. This group (i.e., group 2) is denoted as a-
Si:H deposited samples here. The a-Si:H layer was grown by
PECVD at 285∘C and had a thickness of 5 nm. The a-Si:H
layer was supposed to containmany Si–Hbonds as deposited,
whereas a part of these bondsmight break during the cofiring
step resulting in hydrogen leakage. It is noted that group
2 was also used as a reference for samples of group 3 that
have a selective emitter formed by the presented method.
As-textured wafers of group 3 were processed following the
selective emitter formation method presented below.

2.2. Selective Emitter Formation. As-textured wafers of group
3were processed following the steps shown in Figure 2, where
step (a) shows an as-textured wafer. The as-textured wafer
wasmasked at its front surface with a patterned acid-resistant
masking layer by screen printing (step (b)). A masking layer
was also screen printed all over the back side of the wafer.The
masking layerwas a resin-basedmaterial, containing a certain
proprietary binding components to resist chemical etching.
The wafer was then dipped in an acid etching solution mixed
with HF, HNO

3
, and deionized water (step (c)). The regions

covered by the masking layer on both sides of the wafer were
protected against the chemical, while the regions not covered
by themasking layer on the front side of thewaferwere etched
to a certain depth inside the wafer. The Multiple shallow
trenches were thus formed at the etched regions. These
shallow trench areas were prepared to be contact formation
regions. After the formation of the trenches, the masking
layer was removed by dipping the wafer in an ultrasonic
cleaner with acetone as a solvent. Then the wafer was heavily
doped to form an n++ layer all over the front surface, as shown
in step (d). A sheet resistance of ∼28Ω/◻was obtained at this
step. Curve A of Figure 3 shows concentration-depth relation
of the phosphorus doping, measured by SIMS. As can be
seen from this figure, there exists a very high concentration
at the front surface, leading to an expectable low contact

resistance. For regions between contacts, a part of silicon was
removed, in an etch-back process, to a certain depth by again
chemical etching and this resulted in a sheet resistance of
110Ω/◻. In the etching-back process, an acid-resistant mask
with the same type of resin-based material used for trench
formation was screen printed onto the shallow trenches only,
as shown in step (e), followed by a chemical etching. The
chemical etching solution for this etching-back was a mixed
HF/HNO

3
/CH
3
COOHsolution of the ratio 1 : 40 : 200. Curve

B of Figure 3 shows the concentration distribution inside
the wafer after etching. After removing the masking layer
with acetone in an ultrasonic cleaner, we obtained a selective
emitter structure as shown in step (f) of Figure 2. Then, a
silicon nitride ARC coating was deposited over the front
surface using PECVD (see step (g), Figure 2), followed by a
metallization process to obtain front contacts in the shallow
trenches and a rear contact. Silver paste was screen printed
into the shallow trenches in good alignment (see step (h),
Figure 2), while the rear side of the wafer was screen printed
with aluminum paste over the whole rear surface. In this
study, the shallow trenches were 300𝜇mwide for fingers and
2mm wide for the central busbar, while the front contact
lines were 180𝜇m wide for fingers and 1.8mm wide for the
central busbar, as shown in Figure 4(d). The widths of the
heavily doped areas are 2.2mm for the busbar and 360 𝜇m
for the fingers. Cross-sectional SEM views for a 2𝜇m deep
trench and a 15 𝜇m deep trench both filled with silver paste
are, respectively, shown in Figures 4(a) and 4(b), while a
prospective view for the 15 𝜇m deep trench is shown in
Figure 4(c).

A part of these selective emitter structured wafers was
processed by PECVD deposition to form a 5 nm-thick a-
Si:H layer on the rear side before metallization (see step (h),
Figure 2). Another part of these selective emitter structured
wafers was not processed by PECVD deposition of a-Si:H for
comparison. A cofiring step was afterwards applied to obtain
an ohmic contact on the front and a BSF (as indicated in
Figure 5) on the rear side.

2.3. Some Concerns. The presented etch-back method inev-
itably needs one additional alignment step for metal contact
formation compared to self-aligning methods used for Pluto
and buried contact cells. An alignment in printing usually
needs a good enough visual image contrast. In our case, the
trenched region is light blue on the dark blue background,
afterARC is deposited.This visual contrast is good enough for
printing when using high-resolution cameras. The advantage
of the proposed method lies in the use of one diffusion step
for selective emitter formation.

Another concern is on the surface reflectivity when the
above etching is applied to remove high-density dopant.
Original surface morphology may be changed and this may
increase the optical reflectivity due to too much possible
etching on the pyramids formed in the texturization process.
To clarify this concern, we used the same etching condition
to etch a phosphorus-doped textured wafer without forming
trenches upon for 2, 4, and 12 minutes and compared the
optical reflectivity with an as-textured wafer. Figure 6(a)
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Figure 2: Fabrication steps for selective emitter solar cells in this study.

shows the measured optical reflectivities for the samples
that were etched and not etched over the wavelength span
from 400 nm to 1000 nm. The inset in this figure shows the
difference in greater detail over the 700 to 800 nm span. It
can be seen that the difference in optical reflectivity between
any two samples is slight. In particular, when the sample
is etched for only two minutes, which is the case for our
etching back process, the increase in optical reflectivity is
only ∼0.05%. After being deposited with an ARC layer, this
sample shows no difference in optical reflectivity (as shown
in Figure 6(b)) from the sample without etching, indicating
that the above etching-back step for forming lightly doped
regions is of no harm to the surface morphology as well as
the optical reflectivity.

3. Experimental Results

3.1. Comparison between Homogeneous Emitter and Trenched
Selective Emitter Cells. Table 1 shows the resultant sheet
resistances of the lightly doped emitter and the corresponding
solar cell parameters measured under the standard testing
condition (i.e., AM 1.5 at 25∘C) for 5 sets of selective emitter
solar cells with different etching-back time periods (using
Oriel/Newport SOL 3A solar simulator and Keithley 400
source meter). As the sheet resistance of the lightly doped
emitter was increased from 56 to 110Ω/◻ (with the etching
time period varying from 64 to 120 sec), 𝐽sc increased from
35.42mA/cm2 to the maximum 36.9mA/cm2 accompanied
by a slight increase in 𝑉oc. As the sheet resistance was
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Figure 3: Concentration-depth relation of the phosphorus doping,
measured by SIMS, for shallow trench area (curve A) and region
between contacts (curve B).

Table 1: Resultant sheet resistances and light-to-electricity param-
eters for five sets of selective emitter cells after applying different
etching-back time periods.

Etching
time
(sec)

Sheet
resistance
(Ω/◻)

𝐽sc (mA/cm2) 𝑉oc(mV) F.F. (%) 𝜂 (%)

140 159 ± 23 34.30 572.8 71.08 13.9
120 110 ± 10 36.90 589.3 77.53 16.9
100 82 ± 9 36.59 589.0 77.10 16.6
80 68 ± 5 35.90 588.8 76.67 16.2
64 56 ± 5 35.42 589.0 76.63 16.0

increased to 159Ω/◻, the built-in field at p-n junction was
greatly weakened and resulted in reduced 𝐽sc and 𝑉oc. That
also caused a reduced fill factor (F.F.) because of an increase
in the emitter resistance. The best conversion efficiency 𝜂
achieved among these sets of selective emitter cells was 16.9%.
Two-minute time period was chosen for etching-back in
forming the lightly doped region throughout this study.

The conversion efficiencies of reference cells (i.e., the cells
with a homogeneous junction), selective emitter cells, and
homogeneous-junction cells with 5 nm thick a-Si:H on the
back surface are listed in Table 2, together with their electrical
parameters. Here it is noted that the performance of selective
emitter cells with a 5 nm a-Si:H film on the rear side is also
shown in the table (the last row). It can be seen that the
deposition of an a-Si:H layer on the rear side increased 𝐽sc and
𝑉oc with respect to the reference cells. A conversion efficiency
of 16.2% for this type of cells was obtained. The selective
emitter cell had a better 𝐽sc and F.F. but a worse 𝑉oc than the
a-Si:H deposited cell. It is known that the selective emitter
technique enhances the UV-to-visible optical response, while
a-Si:H deposition improves the longer wavelength response.
Our measurements of external quantum efficiency (EQE)
for the three kinds of cells mentioned above confirm these
characteristics. Figure 7 shows the measured EQE versus
optical wavelength.

Table 2: Electrical parameters and conversion efficienciesmeasured
for a reference cell (Ref.), a selective emitter cell (S.E.), a back-surface
a-Si:H deposited cell (a-Si:H), and a selective-emitter cell with back-
surface a-Si:H deposition (S.E. + a-Si:H).

𝐽sc (mA/cm2) 𝑉oc (mV) F.F. (%) 𝜂 (%)
Ref. 35.38 589.1 76.54 16.0
S.E. 36.90 589.3 77.53 16.9
a-Si:H 35.42 602.1 76.13 16.2
S.E. + a-Si:H 37.04 602.3 77.23 17.23

It should be noted that the depths of the trenches was
not controlled and ranged from 2 to 15𝜇m in this study
and that a small variation of 𝐽sc among the group was
observed. A deeper trench resulted in slightly larger 𝐽sc for
most selective emitter cells in this study. The best efficiency
16.9% reported here was derived by the type of cells with
a trench depth of ∼15 𝜇m. Compared with these cells, the
conversion efficiency of the cell with 2 𝜇m deep trenches was
only reduced by 0.1∼0.2% absolute. It is worth noting that
the trenched selective emitter cell, for deep trench cases, has
basically a buried contact structure with screen printedmetal
contact. However, it is not easy to form trenches as narrow
as several tens of microns by wet etching, as in the laser
drilling process for conventional buried contact structures.
We believe at this moment that the cells with trenches of
2 𝜇m depth can be considered to have a conversion efficiency
essentially equivalent to a selective emitter structure without
trenches as studied by other techniques. A future work may
be focused on the effect of deeper trenches formed by the
presented method and on the exploration of performance
upgrade by narrow trenches achievable with a wet etching
method.

A selective emitter solar cell with a-Si:H deposited on
the back surface is, without a doubt, a good choice for
improving the optical response at both shorter and longer
wavelengths and accordingly 𝐽sc, compared to the reference
cell. The dashed curve in Figure 7 shows the spectral EQE for
the selective emitter cell with back surface a-Si:H deposition.
As shown in the last row of Table 2, the selective emitter
cell with a-Si:H back surface deposition had an improved
𝐽sc of 37.04mA/cm2 that was 1.66mA/cm2 higher compared
to the reference cell. 𝑉oc of the cell was about the same as
that of the a-Si:H deposited cell, being 602.3 V, while F.F.
was enhanced to 77.23%, which was higher than that of the
reference cell owing to a reduced contact resistance. The
conversion efficiency of the selective emitter cell with a-Si:H
back surface deposition was accordingly increased to 17.23%.
This efficiency is still much lower than those obtained by
Pluto and Schmid’s technologies. This low efficiency may
be attributed to two reasons: the possible contamination in
the process and the imperfect sintering in the cofiring step.
The former is indicated by the low value of 𝑉oc, which may
result from a contaminatedwafer surface through the cofiring
process. The imperfect sintering caused a lower fill factor,
which could be expectable as an unprofessional cofiring
process was used in the study.This efficiency achieved here is
by no means high enough for attracting industry’s attention.
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Figure 4: Cross-sectional SEM views for (a) a 2𝜇m deep trench and (b) a 15𝜇m deep trench, both being filled with silver paste. (c) is a
prospective view for the silver-filled 15𝜇m deep trench, while (d) indicates the top view dimension for the busbar/gridline pattern.

Figure 5: Cross-section of the rear side of the solar cell fabricated
in this study.

However, the experimental results suffice to demonstrate the
feasibility of the new selective emitter formation method.

Note that the trenched region has no texture in the
presented method. The reflection of the trenched region not
covered by metal contact is around 10% (11% down to 8%
for 500 nm to 1000 nm, as Figure 6(a) reveals), while the
reflection of the textured region ranges from ∼0.5% to ∼2.7%,
as Figure 6(b) indicates. As long as the area of the trenched
region not covered by the metal contact is kept as small as
possible, the higher reflection of the trenched region causes
little effect on the photogenerated current. In our study, the

width of the trenched region is 300 𝜇m, which can be further
made smaller to reduce the reflection. An example would be
200𝜇m trench width and 120 𝜇mmetal contact width, which
are both obtainable by using screening printing. For the
case of 2300𝜇m finger line spacing, the reflection increases
only by 0.28% (relative) if an average reflection of 2% for a
textured surface is assumed. Such increase in reflectionwould
cause a reduction in photogenerated current and henceforth
conversion efficiency of <0.05% (absolute), a loss which is
negligible with respect to the gain from the selective emitter
formed in the trenched region.

The width of the heavily doped area is 360 𝜇m for the
fingers in this study, suggesting that an extra 60𝜇m width of
blue response is lost for each finger. The blue response loss
may be kept as small as possible by reducing the additional
width of the heavily doped region that is not covered by
contact. However, such additional width is required for
ensuring that screen printed contacts do not contact the
lightly doped region. Use of a high-resolution aligning tool
can reduce the additional width.

3.2. Effect of Back Surface a-Si:H on Homogeneous Emitter
Cells. To clarify the effect of back surface a-Si:H deposition,
we have carried out a different set of experiments with
commercial pseudosquare 125 × 125mm2 silicon solar wafers
used. They were p-type (100)-oriented Cz solar wafers with a
resistivity of 1 to 3Ω. The experiments were conducted in a



International Journal of Photoenergy 7

20

18

16

14

12

10

8

6

400 500 600 700 800 900 1000

Wavelength (nm)

Wavelength (nm)

Re
fle

ct
an

ce
 (%

)

Re
fle

ct
an

ce
 (%

)

9.0

8.5

8.0
700 750 800

0min
2min

4min
12min

(a)

400 500 600 700 800 900 1000

Wavelength (nm)

Re
fle

ct
an

ce
 (%

)

8

6

4

2

0

0min
2min

(b)
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cell manufacturing company, following a standard commer-
cialmanufacturing sequence, except that a sequence of a-Si:H
deposition was added. The wafers were first cleaned in an
SC1 cleaning process, followed by a double-side alkaline tex-
turization. These textured wafers after regular POCl

3
doping

in an 880∘C diffusion tube were cleaned and then processed
by PECVD to form silicon nitride antireflection films on
their front surfaces in the cell manufacturing company.Then,
the wafers were sent to our institute, where 5 nm thick a-
Si:H films were deposited on the rear sides by PECVD. The
deposition temperature was 285∘C, followed by an annealing

Table 3: Electrical parameters and conversion efficiencies mea-
sured, in a different set of experiments, for a reference cell (Ref.), and
back-surface a-Si:H deposited cells annealed at 285∘C (a-Si/285∘C)
and 400∘C (a-Si/400∘C). All of these cells have a homogeneous
emitter.

𝐽sc (mA/cm2) 𝑉oc (mV) F.F. (%) 𝜂 (%)
Ref. 36.84 625 78.56 18.09
a-Si/285∘C 36.7 629.9 79.5 18.38
a-Si/400∘C 36.79 630.1 79.51 18.43

step at either 285∘C or 400∘C for 10 minutes. After that,
the wafers were sent back to the company for subsequent
processing.

Table 3 shows the electrical parameters and conversion
efficiencies of a reference cell (Ref.), and a-Si:H deposited
cells annealed at 285∘C (a-Si/285∘C) and 400∘C (a-Si/400∘C),
for this set of experiments. It is noted here that the cells
in these experiments are superior to the foregoing cells
owing to the use of standard industrial processing facilities
for these cells. The reference cell was obtained following
a standard commercial manufacturing sequence without a-
Si:H deposited on the rear side. The two annealed a-Si:H
deposited cells have a higher 𝑉oc than the reference cell.
This is believed to result from the reduction in back surface
recombination velocity, which is reflected by the increased
effective lifetime measured for these samples, as shown in
Figure 8. The effective lifetime, measured by the microwave
photoconductivity decay (𝜇-PCD) technique, reads 19.03 𝜇s
and 23.27 𝜇s for the two annealed cells and 9.7 𝜇s for the
reference cell. An optimal annealing temperature is expected
in that the hydrogen atoms in a-Si would acquire sufficient
energy to move toward the crystalline Si and form Si–H
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bonds thus passivating the dangling bonds at the a-Si/c-
Si interface at a proper temperature, but most hydrogen
atoms would be released from Si–H bonds at an elevated
temperature, especially at the cofiring temperature. Since
the high-temperature cofiring process only lasted for several
tens of seconds, one may expect that the hydrogen leakage
could not be so severe though. And this theory may support
the long wavelength improvement in the EQE response.
Nevertheless, a more sophisticated study may need to verify
this. Note that the data given in each row of Table 3 were an
average taken from measurement on 4 cells.

Questions may arise as to whether the 5 nm a-Si:H was
consumed byAl alloying reaction at 800∘C at the cofiring step
and whether the a-Si still remained in the amorphous state or
was crystallized. Even the a-Si might have been crystallized
during the cofiring step, a part of the hydrogen atoms residing
in the back side of the as-deposited wafer might still exist at
the interface through a high-temperature soaking of a short
time period. In this case, the wafer was passivated on the
back side. On the other hand, perhaps there is another phe-
nomenon occurring, such as the oxidation of the amorphous
silicon layer during the aluminum alloying process. In that
case, such a rear oxide layer may be offering some additional
surface passivation. These questions may be further clarified
by high-resolution SEM or TEM measurement in a future
work. However, from the data we have obtained, we can now
infer that the a-Si layer would still have surface passivation
ability or otherwise similar effect through the cofiring (lasting
for only several tens of seconds at the peak temperature) step.

4. Conclusion

A new fabrication method for selective emitter solar cells
has been presented in this study. In the method, shallow
trenches corresponding to front contact area were formed
using a chemical etchingmethod, followed by a heavy doping
all over the front surface of the wafer. After screen printing a
chemical-resistant mask to cover only the shallow trenches,
the wafer was dipped into an etching solution to remove a
part of silicon at the area not covered by themask and thereby

form a lightly doped region on the front surface.We observed
an enhanced optical response for the selective emitter cells in
the UV-visible range. With a-Si:H deposited on the rear sides
of the selective emitter cells, we further observed an improve-
ment in the longer wavelength response. The experimental
results show that selective emitter cells fabricated by the
presentedmethod are undoubtedly superior to homogeneous
p-n junction cells.The purpose of experimental results here is
to only demonstrate the feasibility of the new selective emitter
formation method.

The conversion efficiency of selective emitter solar cell
fabricated here is by no means high enough for attracting
industry’s attention. However, the presented technique can be
considered as an alternative to current selective emitter tech-
niques and this new technique can be adopted by industries
as they only need to procure wet etching and screen printing
facilities.
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